Methanolic extracts from calluses and shoots of Aronia arbutifolia and Aronia × prunifolia cultivated in vitro were quantitatively analysed for phenolic acids by DAD-HPLC. The cultures were grown on ten variants of Murashige-Skoog medium variants enriched with various concentrations of growth regulators (GRs), BA and NAA, in the concentration range 0.1-3.0 mg/L. The analysed extracts were confirmed to contain from four to six compounds (depsides-chlorogenic acid, neochlorogenic acid, and rosmarinic acid, and also protocatechuic acid, p-hydroxybenzoic acid, and 3,4-dihydroxyphenylacetic acid). The total amounts of the metabolites varied considerably, depending on the amounts of the GRs in the tested medium variants, and increased in the callus and shoot extracts, respectively, up to 1.7 and 3.2 times (A. arbutifolia), and 2.2 and 2.7 times (A. × prunifolia). Maximum total amounts were confirmed in shoot extracts of both plants (approx. 200 and 600 mg/100 g DW, respectively). The main compounds in A. arbutifolia cultures were the depsides-chlorogenic acid, rosmarinic acid, and neochlorogenic acid (max. 91.94, 77.03, 32.57 mg/100 g DW, respectively). The same depsides dominated quantitatively in the cultures of A. × prunifolia (max. 131.82, 206.62 and 257.39 mg/100 g DW, respectively).
Introduction
Among phenolic acids (PA) and depsides (DE), e.g., chlorogenic, rosmarinic, and also neochlorogenic acids, are a special object of interest, both from a pharmaceutical and cosmetics point of view (Petersen and Simmonds 2003; Ekiert et al. 2013; Döring and Petersen 2014) . The first two DE mentioned have very valuable biological properties, of which the most important are: antioxidant, antiaggregatory, anti-inflammatory, immunostimulating, and anticancer activities (Nakatani et al. 2000; Sato et al. 2011; Meng et al. 2013) . Neochlorogenic acid (an isomer of chlorogenic acid) also shows similar properties (Dewick 1997; Thurow 2012) .
Among Aronia species, the most famous in Europe is A. melanocarpa (black chokeberry), the species with North American natural habitats, successfully planted in many European countries and in Asia (Valcheva-Kuzmanova and Belcheva 2006; Kulling and Rawel 2008; Kokotkiewicz et al. 2010) . A less well-known species is A. arbutifolia (red chokeberry), and a hybrid of these two species-A. × prunifolia (purple chokeberry). These plants grow as bushes, which are native distributed also in North America, but they are also successfully planted in Asia and Europe.
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The knowledge on the chemical composition of A. arbutifolia and A. × prunifolia is very poor. Phytochemical studies of fruit extracts performed until now have documented the presence of some groups of polyphenols-proanthocyanidins, anthocyanins, flavonoids, and hydroxycinnamic acids (Celka and Szkudlarz 2010; Taheri et al. 2013) . Phytochemical analyses of different parts of soil-grown plants performed by our team (fruits and leaves), from which the investigated in vitro cultures were established, have documented the presence of some anthocyanins (glycosides of cyanidin), flavonoids (quercetin and its glycosides), and some free PA (Szopa et al. 2017a ).
Our previous investigations on A. melanocarpa shoot and callus cultures had demonstrated a high biosynthetic capacity of the cells directed towards the production of free PA, in particular hydroxybenzoic acids and cinnamic acid derivatives Szopa and Ekiert 2014) . It seemed interesting to explore the biosynthetic potential of the shoot and callus cultures of A. arbutifolia and A. × prunifolia successfully established in our department.
In our previous studies related to A. melanocarpa, we tested variants of Linsmaier-Skoog medium (Linsmaier and Skoog 1965) and Murashige-Skoog (MS) medium (Murashige and Skoog 1962) , containing different amounts of BA (6-benzyladenine)-cytokinin, and NAA (α-naphthaleneacetic acid)-auxin. We had proven that MSbased media were more conducive to the accumulation of free PA Szopa and Ekiert 2014) .
The goal of research was, to investigate the production of free PA in the biomass from in vitro cultures (shoot and callus) of A. arbutifolia and A. × prunifolia cultivated on ten MS medium variants, enriched with BA and NAA at various concentrations in the range 0.1-3.0 mg/L. Free PA, derivatives of benzoic acid and cinnamic acid, including three DE: chlorogenic, neochlorogenic, and rosmarinic acids, were determined in methanolic extracts from the biomass of shoot and callus cultures. In addition, the quantities of cinnamic acid (precursor of one of the subgroups of PA) were estimated.
Materials and methods

Soil-grown plants
The material used in the experiment originated from Aronia shrubs, Aronia arbutifolia (L.) Pers. and Aronia × prunifolia (Marsh.) Rhed., growing in Arboretum in Rogów (Warsaw University of Life Sciences, Forest Experimental Station in Rogów, Poland). The A. arbutifolia and A. × prunifolia originated from Botanischer Garten Greifswald, Germany, and Wayne County, USA, 166 m a.s.l. 42°9′N, 83°16′W; germinated in 1987, 2002, accessions numbers: 12207 and 15768, respectively. The plants' identification was confirmed by the scientific workers of Arboretum. Leaf buds of soil-grown plants were used for the initiation of in vitro cultures (2013) . To perform the biotechnological evaluation of results, fruits of both studied Aronia plants (harvested in 2013) were used for comparison.
Initiation of in vitro cultures
The plant material (leaf buds) was obtained from the plants described above. It was sterilized in 0.1% HgCl 2 for about 10 min and then cultured on MS agar medium (Murashige and Skoog 1962) enriched with: 1 mg/L BA (6-benzyladenine) and 1 mg/L NAA (α-naphthaleneacetic acid). After 8 weeks, undifferentiated callus and well-differentiated shoot cultures of A. arbutifolia and A. × prunifolia were successfully established (Fig. 1) . The cultures were grown under continuous artificial white light (2.75 W/m 2 , LF-40W lamp, daylight, Piła, Poland) at 25 ± 2 °C.
In vitro culture experiments
The experiments with shoot and callus in vitro cultures of A. arbutifolia and A. × prunifolia (Fig. 1) were maintained on ten MS agar medium variants with different amounts of GRs, BA, and NAA (mg/L): 0.1 and 0.1; 0.1 and 2.0; 0.5 and 2.0; 1.0 and 0.5; 1.0 and 1.0; 1.0 and 1.5; 2.0 and 0.5; 2.0 and 1.0; 2.0 and 2.0; and 3.0 and 1.0. The amount of inoculum was 1 g for shoot cultures and 2 g for callus cultures. One growth period lasted 4 weeks. The cultures were grown under continuous white light (2.75 W/m 2 , LF-40W lamp, daylight, Piła, Poland) at 25 ± 2 °C. The collected biomass was dried by lyophilisation. Three series of investigations were repeated three times.
Quantitative estimation of free PA
The lyophilized and pulverized plant material [each sample 0.5 g dry weight (DW)] from all tested MS medium variants of A. arbutifolia and A. × prunifolia in vitro cultures (calluses and shoots) was extracted in boiling methanol (50 mL) for 3 h. The identity and the amounts of the analysed free PA in the methanolic extracts were accomplished by DAD-HPLC (acc. to Ellnain-Wojtaszek and Zgórka 1999) . The details of the DAD-HPLC analysis, equipment, and conditions were the same as those described by (Szopa et al. 2017a) For quantitative analyses, the following PA standards from Sigma-Aldrich Co. were used: caffeic acid, chlorogenic acid, o-, m-, p-coumaric acids, 3,4-dihydroxyphenylacetic acid, ferulic acid, gallic acid, gentisic acid, hydrocaffeic acid, p-hydroxybenzoic acid, isoferulic acid, neochlorogenic acid, protocatechuic acid, rosmarinic acid, salicylic acid, sinapic acid, syringic acid, and vanillic acid. In addition, cinnamic acid standard (Sigma-Aldrich Co.) was used.
Statistics
The quantitative results are expressed in mg/100 g DW (dry weight) as the mean ± SD of three series of investigations which were repeated three times.
Results
Shoot cultures of Aronia arbutifolia
The shoot cultures of A. arbutifolia (Fig. 1) growing on the investigated MS media, containing different concentrations of GRs, were characterized by varying morphology. The shoots were more or less branched and formed more and less numerous green leafy shoots. On some media variants, the surface of leaves was very large (1 mg/L BA and 2 mg/L NAA; 0.1 mg/L BA and 0.1 mg/L NAA). On three MS variants (0.1 mg/L BA and 2 mg/L NAA; 0.5 mg/L BA and 2 mg/L NAA; and 1 mg/L BA and 0.5 mg/L NAA), the shoots formed callus tissue at the base.
In shoot cultures of A. arbutifolia growing on ten investigated MS media, from 4.54-to 7.07-fold increases in dry biomass were found during growth periods (4 weeks). More than 6.7-fold increases were observed on three MS media enriched with 1 mg/L BA and 1.5 mg/L NAA, 2 mg/L BA and 1 mg/L NAA, and 2 mg/L BA and 2 mg/L NAA. The best growth medium was the variant supplemented with 2 mg/L of each cytokinin and auxin.
All the methanolic extracts from the biomass were found to contain six PA: chlorogenic acid, 3,4-dihydroxyphenylacetic acid, p-hydroxybenzoic acid, neochlorogenic acid, protocatechuic acid, and rosmarinic acid (Fig. 2) . The presence of the remaining fourteen compounds was not confirmed in any of the analysed extracts.
The total quantities of the investigated PA varied considerably, from 62.60 to 202.46 mg/100 g DW. The highest quantities were estimated on the medium with the addition of 1 mg/L BA and 1 mg/L NAA (Fig. 2) .
The quantities of each PA varied within a very wide range, from 0.23 to approx. 92 mg/100 g DW. On the tested media, the quantities of the estimated compounds increased from 2.2 to 10.7 times. The main metabolites were DE-chlorogenic acid, rosmarinic acid, and neochlorogenic acid. In extracts from the shoots grown on all ten tested MS variants, the quantities of chlorogenic acid exceeded 40 mg/100 g DW. On two MS variants, supplemented with 1 mg/L BA and 0.5 mg/L NAA, and 1 mg/L each of BA and NAA, these amounts were particularly high-78.29 and 91.94 mg/100 g DW, respectively. The quantities of rosmarinic acid varied more, from approx. 11.6 to approx. 77.0 mg/100 g DW. On three MS variants, the quantities of this depside did not exceed 16.5 mg/100 g DW. On three other MS variants, they were over 35 mg/100 g DW. The highest amounts (over 75 mg/100 g DW) were recorded in extracts from the shoots grown on two MS variants-one supplemented with 1.0 mg/L BA and 0.5 mg/L NAA, and the other with 1 mg/L BA and 1 mg/L NAA. The maximum amounts of neochlorogenic acid were much lower, approx. 30 mg/100 g DW. The quantities of this DE ranged from 3.43 to 32.57 mg/100 g DW. The highest quantities were determined in extracts from the shoots grown on medium supplemented with 1.0 mg/L of BA and 1.0 mg/L of NAA.
The estimated amounts of three other compoundsp-hydroxybenzoic, protocatechuic, and 3,4-dihydroxyphenylacetic acids-were of a different order of magnitude, not exceeded 1.75, 2.50, and 7.70 mg/100 g DW, respectively (Fig. 2 ).
Callus cultures of Aronia arbutifolia
The biomass of callus cultures of A. arbutifolia ( Fig. 1 ) was morphologically similar on the investigated MS media (formed a dense, hard callus). Only on three MS variants enriched with 0.1 mg/L BA and 2 mg/L NAA, 1 mg/L BA and 1.5 mg/L NAA, and especially with 0.1 mg/L BA and 0.1 mg/L NAA was the formation of single shoots observed.
The increases in the dry biomass of callus determined during growth periods (4 weeks) on the ten investigated MS media were low, between 1.40 and 2.73 times. On four variants, these increases were more than 2.3 times. The best increase in biomass was shown on the medium supplemented with 2 mg/L BA and 2 mg/L NAA.
In all the analysed extracts from callus, four out of the twenty analysed compounds were present: chlorogenic, 3,4-dihydroxyphenylacetic, neochlorogenic, and rosmarinic acids (Fig. 3) .
The total quantities of these phenolic acids ranged from approx. 52 to approx. 87 mg/100 g DW. On nine variants, the total amounts of the metabolites exceeded 63 mg/100 g DW. On two variants (with 2 mg/L each of BA and NAA, and with 2 mg/L BA and 1 mg/L NAA), those amounts were the highest (84.07 and 86.21 mg/100 g DW, respectively) (Fig. 3) .
The quantities of each compounds varied widely, from 5.29 to 44.30 mg/100 g DW. On the MS media variants, they increased from 2.3 to 4.3 times. The dominant compounds were two DE-chlorogenic and rosmarinic acids. The quantities of chlorogenic acid increased from 18.41 to 44.30 mg/100 g DW. On five variants, the amounts of this compound exceeded 40 mg/100 g DW. The highest, almost identical amounts, were confirmed in extracts from the callus grown on MS medium enriched with 2 mg/L BA and 2 mg/L NAA, and 2 mg/L BA and 1 mg/L NAA (44.30 and 44.17 mg/100 g DW, respectively). The highest quantity of rosmarinic acid was more than two times lower (20.24 mg/100 g DW). On five MS variants, the quantities of this metabolite were relatively high-over 17.5 mg/100 g DW. The maximum content was found on the MS variant supplemented with BA and NAA at 0.1 mg/L each. In the extracts of callus tissues, there were also found relatively high amounts of 3,4-dihydroxyphenylacetic acid (max. 24.21 mg/100 g DW). The quantities of this compound reached approx. 20 mg/100 g DW on three MS variants. The highest content was determined on the MS variant enriched with 2 mg/L BA and 2 mg/L NAA. The quantities of neochlorogenic acid present in callus extracts were lower, ranging from 5.83 to 13.41 mg/100 g DW. The highest quantity was confirmed on the MS variant supplemented with 1 mg/L each of the two GRs (Fig. 3) .
Shoot cultures of Aronia × prunifolia
Like the in vitro shoots of A. arbutifolia, the shoots of A. × prunifolia (Fig. 1) were also morphologically diversified on the investigated MS media. The shoots were more or less elongated, and formed more or less numerous green leafy shoots. On some MS media variants, containing 0.5 mg/L BA and 2 mg/L NAA, 2 mg/L BA, and 0.5 mg/L, and especially 1 mg/L BA and 1 mg/L NAA, the shoots formed some callus tissue at their base.
Aronia × prunifolia shoot cultures ( Fig. 1 ) growing on the ten investigated MS media were characterized by varied increases in dry biomass, from 3.91-to 8.41-fold, during growth periods (4 weeks). The highest increases were found on the variant supplemented with 3 mg/L BA and 1 mg/L NAA.
In extracts from the shoots cultured on all ten MS media, the presence of three DE-chlorogenic acid, neochlorogenic acid, and rosmarinic acid, and also protocatechuic acid (Fig. 4) -was confirmed. The amounts of the individual compounds differed from 1.37 to 257.39 mg/100 g DW. Their amounts increased from 1.60-to 4.81-fold, depending on the MS variant. Consequently, the total amount of these four metabolites ranged from approx. 220 to approx. 597 mg/100 g DW. The highest capacity for accumulating PA was shown by the shoots growing on MS variant supplemented with 0.1 mg/L BA and 0.1 mg/L NAA (Fig. 4) . The analysed extracts were notable for high amounts of three DE, especially rosmarinic and neochlorogenic acids, and also chlorogenic acid. The amounts of rosmarinic acid ranged from 93.86 to 206.62 mg/100 g DW, differed on the MS variant. The highest quantities (over 150 mg/100 g DW) were confirmed on three MS variants, those supplemented with BA and NAA at 0.1 mg/L each and 1.0 mg/L each (206.62 and 201.48 mg/100 g DW, respectively), and on the medium supplemented with 1 mg/L BA and 0.5 mg/L NAA (154.14 mg/100 g DW). The amounts of neochlorogenic acid also varied, approx. fivefold. Depending on the GRs levels added to the MS medium, the lowest and highest amounts of this compound were 53.51 and 257.39 mg/100 g DW, respectively. On five variants, the quantities of neochlorogenic acid exceeded 105 mg/100 g DW. On two of them, these amounts reached approx. 150 mg/100 g DW. These were the MS variants enriched with 1 mg/L BA and 1 mg/L NAA, and 1 mg/L BA and 0.5 mg/L NAA (149.19 and 154.25 mg/100 g DW, respectively). The highest concentration of this metabolite was characteristic of the shoots growing on the variant with 0.1 mg/L BA and 0.1 mg/L NAA. The quantities of chlorogenic acid varied too, approx. 2.5-fold (from 52.89 to 131.82 mg/100 g DW). On four MS medium variants, the amounts of this metabolite exceeded 119 mg/100 g DW. The highest, almost identical, quantities were recorded in methanolic extracts from the shoots grown on the media supplemented with NAA and BA at 0.1 mg/L each and 2.0 mg/L each (131.82 and 128.62 mg/100 g DW, respectively). The fourth phenolic acid-protocatechuic acid-was present in the extracts in very low quantities, which did not exceed approx. 2 mg/100 g DW (Fig. 4) .
Callus cultures of Aronia × prunifolia
On all the tested MS medium variants, the biomass of callus cultures of A. × prunifolia (Fig. 1) looked similar. Moreover, the capacity for organogenesis was not observed on any of the tested medium variants. The callus tissue was very dense and hard.
The increases in the dry biomass of callus tissues of A. × prunifolia growing on the tested MS variants were low, from 1.8 to 2.4 times (during a 4-week growth cycle). The highest, almost identical, increases (2.28-2.38 times) were found on three variants of MS medium enriched with BA and NAA in amounts of 1.0 mg/L each and 2.0 mg/L each, and on the medium with the addition of 0.5 mg/L BA and 2 mg/L NAA.
The methanolic extracts from all the MS variants tested were proven to contain three DE-chlorogenic acid, rosmarinic acid, and neochlorogenic acid, and also protocatechuic acid (Fig. 5) . Depending on the composition of the medium, they increased within a wide range, from 2.0-to 20.0-fold. The total amounts of the above compounds increased approx. twofold, from 55.27 to 119.05 mg/100 g DW. On eight variants tested, the total amounts of these four compounds were greater than 75 mg/100 g DW. The highest capacity for accumulating DE was shown by the callus growing on two MS media supplemented with 1 mg/L BA and 1 mg/L NAA (103.39 mg/100 g DW), and with 2 mg/L BA and 1 mg/L NAA (119.05 mg/100 g DW) (Fig. 5) .
The callus was clearly notable for its ability to accumulate chlorogenic acid. The amounts of this quantitatively dominant metabolite ranged from 41.56 to 89.37 mg/100 g DW. On six MS variants, the quantities of chlorogenic acid exceeded 60 mg/100 g DW. Particularly, high quantities of chlorogenic acid were confirmed on the media supplemented with 1 mg/L BA and 1 mg/L NAA (78.30 mg/100 g DW), and 2 mg/L BA and 1 mg/L NAA (max. content of 89.37 mg/100 g DW). The estimated quantities of the other two DE were much smaller, of a different order of magnitude. The amounts of neochlorogenic acid in callus extracts did not exceed 8.0 mg/100 g DW. The amounts of rosmarinic acid ranged from 9.21 to 22.78 mg/100 g DW. The quantities of protocatechuic acid did not exceed 1 mg/100 g DW on any of the MS media tested (Fig. 5) .
Discussion
The two types of in vitro cultures of Aronia arbutifolia and Aronia × prunifolia established in our department grew stably (Fig. 1) . The incremental growth of calluses (max. 2.7-and 2.4-fold) was small. By contrast, the growth of microshoots of both plants was very good under optimized in vitro conditions. The highest increases in the biomass of microshoots of both plants (7.1-fold and 8.4-fold, respectively) were satisfactory. Increases of this order are higher than the average (four-fivefold) increases obtained in in vitro cultures of other plant species maintained in our department (Ekiert et al. 2009 Ekiert 2011, 2012) .
On the same initial medium, we obtained, in the in vitro culture initiation step, two different "lines"-shoot and callus lines of A. arbutifolia and A. × prunifolia (Fig. 1) . On the tested experimental MS medium variants, we observed some differences in the morphology of shoots and calluses, but the two different experimental "lines"-shoots and calluses-were always found growing on all the tested media variants. What was interesting, we did not observe the capacity for organogenesis in the callus lines grown on the media with different amounts of BA and NAA. The range of the tested GR amounts (0.1-3 mg/L) was comparable with the range tested by us in the experiment with shoot and callus in vitro cultures of A. melanocarpa Szopa and Ekiert 2014) . The aim of the present study was to compare the biosynthetic potential of three aronias. In our earlier experiments with A. melanocarpa shoot and callus cultures maintained on LS and MS media variants, some differences in the morphology of tissues had also been observed, but they stayed as separately lines-shoot and callus lines Szopa and Ekiert 2014 ). In contrast, in our experiments with Hypericum perforatum cvs. Elixir, Helios, and Topas microshoot cultures, cultured on LS and MS media variants, we observed a more visible morphological diversity of the biomass (Kwiecień et al. 2015) . On the media with higher concentrations of BA and NAA, we observed, after a very short time (3 weeks), the formation of large blocks of callus with single shoots on their surface. On the MS medium containing the lowest tested amounts of GRs (0.1 mg/L BA and 0.1 mg/L NAA), only shoots were seen to grow. The results of other research teams had documented the same phenomenon that we noticed in the two Aronia cultures. On the same studied media variants containing the same concentrations of BA and NAA, the two different lines-shoot and callus lines of Echinocereus cinerascens-were forming and growing without a tendency to dedifferentiation or differentiation, respectively (Elias et al. 2014) . To date, our experiences with in vitro cultures of medicinal plants have indicated that there are some genetic preferences of different plant species to form more or less differentiating lines in the beginning, and sometimes, it is very difficult to observe visible organogenesis in callus and dedifferentiation in shoot culture lines after changing the concentrations of GRs (Szopa and Ekiert 2012; Szopa et al. 2016; Ekiert et al. 2014; Kubica et al. 2017) . Perhaps, in the in vitro cultures of studied aronias, the range of the GRs concentrations tested by us (0.1-3 mg/L) and the duration of experiment (3 × 4 weeks) were not enough to observe visible changes in the level of organogenesis.
Both in the shoot cultures and callus cultures of A. arbutifolia and A. × prunifolia, the amounts of the estimated compounds were clearly dependent on the quantities of the investigated GRs, BA and NAA, in the culture media, and increased, respectively, up to 10.7-and 4.3-fold, and up to 4.8-and 20.0-fold (Figs. 2, 3, 4, 5) . Consequently, also the total PA content in A. arbutifolia cultures increased, up to 3.2-and about 1.7-fold. Similarly, in the shoot and callus cultures of A. × prunifolia, there was an increase in the total amount of compounds up to 2.7-and 2.1-fold, respectively, associated with the amounts of PGRs in MS media. This phenomenon nowadays is often studied as an important factor in green biotechnology. PGRs play a key role in the research focused on plant micropropagation (Gaj 2004; Sujatha and Kumari 2007; Biesaga-Kościelniak et al. 2010; Jana and Shekhawat 2011) . The influence of the concentrations of GRs on the accumulation of different biogenetic groups of plant metabolites is an eminent fact (Ramawat and Mathur 2007) . It has been proven, for example, in the accumulation of anthocyanins in callus cultures of Bridelia stipularis (Sreenivas et al. 2011) , coumarins in callus cultures of Ammi majus (Ekiert and Gomółka 2000a) and Pastinaca sativa (Ekiert and Gomółka 2000b) , secoiridoid and xanthone glycosides in shoot cultures of Gentiana dinarica (Branka et al. 2013) , alkaloids in suspension cultures of Solanum eleagnifolium (Alvarez et al. 1993) , triterpenes in callus cultures of Salvia tomentosa (Georgiev et al. 2011) , verbascoside in callus cultures of Verbena officinalis (Kubica et al. 2017) and in the accumulation of podophyllotoxin in callus cultures of Hyptis suaveolens (Velóz et al. 2013 ) and dibenzocyclooctadiene lignans in shoot-differentiating callus cultures of Schisandra chinensis (Szopa and Ekiert 2011; Szopa et al. 2016 Szopa et al. , 2017b . The great influence of GRs on the production and accumulation of metabolites was also shown for PA in adventitious root cultures of Eryngium maritimum (Kikowska et al. 2014) , in Ruta graveolens shoot cultures of (Ekiert et al. 2009 ), in R. g. ssp. divaricata , shoot-differentiating callus cultures and also in shoot cultures of Hypericum perforatum (cvs. Elixir, Helos, Topas) (Kwiecień et al. 2015) . We had also proved this correlation based on our previous studies on shoot and callus cultures of black chokeberry Szopa and Ekiert 2014) .
In A. arbutifolia shoot cultures, we found the highest total amounts of the estimated PA (over 189 mg/100 g DW) on two MS media supplemented with 1 mg/L BA and 1 mg/L NAA, and 1 mg/L BA and 0.5 mg/L NAA (Fig. 2) . Media of these compositions can be proposed as good 'productive' media and at the same time as good 'growth' media, resulting in approx. 5.6-and 5.7-fold increments in biomass during growth periods (4 weeks). In A. arbutifolia callus cultures, we demonstrated the highest total amounts of PA (over 84 mg/100 g DW) on two other variants of MS medium, namely, on those supplemented with 2 mg/L BA and 2 mg/L NAA, and 2 mg/L BA and 1 mg/L NAA (Fig. 3) . The maximum production and maximum increases in biomass were found on the first-mentioned medium that medium can be a good 'productive' and parallel 'growth' medium for callus cultures.
In A. × prunifolia shoot cultures, the accumulation of the estimated compounds was promoted by three variants of MS medium (quantities of more than 429 mg/100 g DW). The variants were those containing BA and NAA at 0.1 mg/L each and 1.0 mg/L each, and the variant enriched with 1 mg/L BA and 0.5 mg/L NAA (Fig. 4) . However, the increments in dry biomass on those variants were low. Only on the last of those MS variants were the increments in dry biomass of shoots quite high, approx. 5.8-fold, and a medium of that composition could potentially be considered as favourable to good increases in biomass and relatively high accumulation of the estimated compounds.
Considerable amounts of PA (over 100 mg/100 g DW) were confirmed in A. × prunifolia callus cultures cultivated on two investigated variants of MS medium. The variants were those supplemented with 1 mg/L BA and 1 mg/L NAA, and 2 mg/L BA and 1 mg/L NAA (Fig. 5) . Those media were also the only ones among the best 'growing' media. Therefore, they can be potentially proposed as 'productive' and parallel 'growth-promoting' media.
The shoot cultures, both A. arbutifolia and A. × prunifolia, had a higher capacity for accumulating free PA than the callus cultures did. The total amounts of the estimated compounds were 1.1-3.1 times (A. arbutifolia) and 2.7-9.1 times (A. × prunifolia) higher in shoot extracts than in extracts from undifferentiated calluses growing on identical MS variants (Figs. 2, 3, 4, 5 ). Usually, a higher level of differentiation of in vitro cultivated biomass promotes the accumulation of secondary metabolites. This is a frequently observed relationship, e.g., considerable amounts of dibenzocyclooctadiene lignans can be obtained in shoots of S. chinensis (Szopa and Ekiert 2011) , or PA in shoots of R. graveolens (Ekiert et al. 2009 ) and also in shoots of H. perforatum (cvs. Elixir, Helos, Topas) (Kwiecień et al. 2015) . In addition, in shoots of black chokeberry cultured by us on both LS and MS media, the amounts of PA were, respectively, 1.3-2.9 and 1.6-4.1 times higher in comparison to the quantities in undifferentiated callus Szopa and Ekiert 2014) .
The main metabolites that formed in the shoot and callus cultures of A. arbutifolia and A. × prunifolia were DEchlorogenic acid, rosmarinic acid, and neochlorogenic acid. The biosynthesis of these compounds, especially of chlorogenic acid and its isomer-neochlorogenic aciddoes not involve a long, complicated series of transformations. The components of these DE, quinic acid and caffeic acid, are formed via the shikimic acid pathway. The above-mentioned DE are, as our studies have indicated, also the main or the only ones of the main metabolites in the fruits of soil-grown A. arbutifolia and A. × prunifolia (Taheri et al. 2013; Szopa et al. 2017a ). The in vitro cultured cells, despite artificial conditions, retain, therefore, the ability to biosynthesize these compounds. In in vitro cultures, they produce them in even larger quantities. The maximum amounts of DE obtained in shoot cultures of A. arbutifolia, particularly of chlorogenic acid (max. 91.94 mg/100 g DW) and rosmarinic acid (max. 77.03 mg/100 g DW), are paramount. Also noteworthy are the substantial amounts of neochlorogenic acid (max. 32.57 mg/100 g DW). In the case of chlorogenic acid and rosmarinic acid, these maximal amounts are 5.65 and 4.74 times, respectively, higher than in extracts from the fruit treated as reference material (16.27 and 16.24 mg/100 g DW). Only the quantities of neochlorogenic acid were higher in fruit extracts (92.26 mg/100 g DW) ( Table 1 ). The highest total PA amount in extracts from the biomass of the shoots was approx. 1.39 times higher than in the fruit (146.03 mg/100 g DW) ( Table 2) .
The highest quantities of DE confirmed in shoot cultures of A. × prunifolia were high (equal to)-chlorogenic acid (131.82 mg/100 g DW), neochlorogenic acid (257.39 mg/100 g DW), and rosmarinic acid (206.62 mg/100 g DW). In the case of rosmarinic acid and neochlorogenic acid, the maximum amounts are higher than in the fruit of soil-grown plants (9.15 and 219.34 mg/100 g DW, respectively). Only the quantities of chlorogenic acid are higher in fruit extracts (280.23 mg/100 g DW). The highest total PA amount in extracts from the biomass from in vitro cultures is approx. 1.16 times higher than in extracts from the fruit (513.14 mg/100 g DW). These results indicate a possibility of using A. arbutifolia and A. × prunifolia in vitro cultures as potential sources of PA, especially DE. Results from other research centres have also proved an interesting amount of DE in in vitro cultures of species representing various taxa, other than the families Lamiaceae and Boraginaceae, where the most prominent metabolite is rosmarinic acid . For example, significant amounts of DE-chlorogenic acid and rosmarinic acid-have been proven in cultures of Eryngium planum (Apiaceae) (Kikowska et al. 2012 ) and of chlorogenic acid in cultures of Hypericum perforatum (Hypericaceae) (Cui et al. 2010 ). In addition, our currently presented research results prove that in vitro cultures of the species of the family Rosaceae are also a rich source of DE.
The maximum amounts of the DE-chlorogenic acid, neochlorogenic acid, and rosmarinic acid, obtained in the cultures of the hybrid A. × prunifolia (131.82, 257.39, and 206 .62, respectively)-were higher than the maximum amounts obtained in the cultures of A. arbutifolia (91.94, 31.12, and 77.03, respectively) . Interspecific hybrids are often characterized by a higher biosynthetic potential. This phenomenon is known and taken advantage of by the pharmaceutical industry. A good example can be Mentha × piperita, or Taxus × media, and the biosynthetic 
